We investigate simplified models of new physics that can accommodate the measured value of the anomalous magnetic moment of the muon and the relic density of dark matter. We define a set of renormalizable, SU(2)×U(1) invariant extensions of the Standard Model, each comprising an inert Z 2 -odd scalar field and one or more vector-like pairs of colorless fermions that communicate to the muons through Yukawa-type interactions. The new sectors are classified according to their transformation properties under the Standard Model gauge group and all models are systematically confronted with a variety of experimental constraints: LEP mass bounds, direct LHC searches, electroweak precision observables, and direct searches for dark matter. We show that scenarios featuring only one type of new fermions become very predictive once the relic density and collider constraints are taken into account, as in this case (g − 2) µ is not enhanced by chirality flip. Conversely, for models where an additional source of chiral-symmetry violation is generated via fermion mixing, the constraints are much looser and new precision experiments with highly suppressed systematic uncertainties may be required to test the parameter space.
Introduction
The BNL measurement [1] of the anomalous magnetic moment of the muon, (g − 2) µ , shows a discrepancy with the Standard Model (SM) at the ∼ 3.5 σ level: δ (g − 2) µ = (27.4 ± 7.6) × 10 −10 [2] . The interest in this anomaly is bound to receive a boost by the start of the new Muon g-2 experiment at Fermilab [3] , which will improve the statistical precision of the measurement by a factor of four or so with respect to BNL. Additionally, just a few years after the Fermilab experiment, (g − 2) µ will also be measured at J-PARC [4] , which is expected to reach a comparable sensitivity even if the experimental setup is different.
In these proceedings we report on our recent paper, Ref. [5] , in which we analyzed the implication of the (g − 2) µ measurement for several simplified models of new physics and we derived predictions for future tests. For each model considered, we highlighted the regions of the parameter space able to simultaneously accommodate δ (g − 2) µ and the relic density of dark matter.
The models we construct are based on the following requirements: 1) the dark matter interacts with the muons through renormalizable couplings; 2) interactions are CP conserving and invariant under the SM gauge group, SU(2)×U(1); 3) each model satisfies the constraints from perturbativity and unitarity; 4) the measurement of the relic abundance is an active constraint on the parameter space. We do not consider in this paper dark matter lighter than the mass of the muon so that, to make it stable, we introduce an additional discrete symmetry, Z 2 , under which the dark matter is odd and the SM is even.
The first of the requirements listed above limits the allowed interactions to fermion-scalarfermion and fermion-vector-fermion types. As one of the participating fermions is necessarily the muon, the discrete symmetry forces us to additionally introduce Z 2 -odd colorless fermions, which must be vector-like (VL) to evade the bounds from electroweak precision observables (EWPOs) and to not introduce gauge anomalies. Note that all our assumptions are trivially satisfied by Yukawatype interactions fermion-(pseudo)scalar-fermion, once the appropriate scalar potential is spelled out. For this reason, in our study we limit ourselves to discussing this kind of interactions, leaving the case with vector particles for future work.
Overview of analyzed models
Interaction terms in the Lagrangian of the models we consider are given by
in terms of a Yukawa coupling g s (g p ) of the muon to a (pseudo)scalar field S -whose dynamics is described by an appropriate scalar potential V (φ S ) -and a generic heavy fermion E of mass m E . The specific value of (g − 2) µ depends on the electric charge and spin quantum numbers of the particles running in the loop. Considering, for example, a charged fermion and a neutral scalar, one gets (see, e.g., [6] for a review of the calculation) Figure 1 : Starting from the left, the first 3 diagrams show the well-known scalar portal interactions that can potentially lead to the correct dark matter relic abundance. The last diagram on the right depicts the t-channel "bulk" mechanism via a new heavy fermion E.
in terms of the mass ratios of the new particles to the muon,
Given a specific scalar sector, we consider all possible Yukawa interactions allowed by the SU(2)×U(1) and Z 2 symmetries that can lead to the (g − 2) µ anomaly by combining the scalar field with VL fermion multiplets. The combinations we investigate are the following, and the details can be found in [5] .
1. Models with a real neutral scalar SU (2) singlet: a. Fermion SU (2) singlets; b. Fermion SU(2) doublets; c. Singlet and doublet fermions mixing with each other via the Higgs field vacuum expectation value (vev).
2. Models with a complex scalar SU (2) We review in the next sections Cases 1 and 3 above, characterized by models with a real scalar singlet and a scalar doublet. Analysis of the remaining models can be found in [5] .
Models with a real neutral scalar singlet
Let us extend the SM by a neutral real scalar, s, singlet under SU (2) . For simplicity, we assume in this work that any new introduced scalar is inert, in the sense that it does not develop a vev.
The scalar potential, given in [5] , features well-known dark matter properties: the WIMP s efficiently annihilates in the early Universe through the interaction vertices depicted in the first three diagrams of Fig. 1 . However, it is also well known (see, e.g., [7] ) that the portal coupling and dark matter mass are subject to strong bounds from direct detection searches, which, as we shall see below, after the most recent bound from XENON-1T [8] is taken into account exclude the mass range m DM = m s ≈ 10 − 800 GeV if one imposes the relic density constraint. This is precisely the mass range where the new scalar field and VL leptons can positively contribute to δ (g − 2) µ .
Interestingly, the presence of VL fermions opens up additional mechanisms for dark matter annihilation, as shown in the last diagram on the right of Fig. 1 . The limits from direct detection searches can be then easily evaded, thanks to the leptophilic nature of the interaction between the dark matter scalar and the SM. By borrowing a term often used in supersymmetry, we will hence refer to this mechanism as the bulk.
In the first class of models (Case 1a in the list of Sec. 1.1) we add to the SM + s a pair of charged Weyl spinor SU(2) singlets, odd under Z 2 . In terms of the heavy Dirac lepton, E, Eq. (1.1) reads L ⊃ −Y Sψ E P R ψ µ s + h.c., so that one has g s = Y S /2, ig p = Y S /2 and only the first line in Eq. (1.2) gives a contribution to (g − 2) µ .
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Muon [9] , whereas dim gray diamonds show that excluded by the CMS 2 soft leptons search [10] . The projected reach of precision measurements at GigaZ [11] and TLEP [12] In Fig. 2(a) we present a plot of the model's parameter space in the plane of the new coupling to the muon, Y S , versus the dark matter mass, m DM = m s . We do not impose at this stage any LHC or EWPO constraints. The parameter space allowed at 2σ by the combination of relic density and (g − 2) µ is shown in green. In Fig. 2(b) we show the allowed parameter space in the (m DM , σ SI p ) plane. Dark matter due to Higgs-portal couplings plays a small role, almost exclusively limited to the region above 0.8 − 1 TeV, in which the recent bounds from XENON1T can be evaded. Lighter dark matter is due to the bulk mechanism. The points of the allowed parameter space -the green region of Fig. 2(a) -are shown in Fig. 2(c) , in the plane of the new Yukawa coupling, Y S , versus the VL fermion mass. We have applied here the LHC bounds [9] and [10] . Because of the overall large Yukawa values, future precision experiments like GigaZ or TLEP, with a projected improvement by a factor 20 or more over LEP, have the potential to probe the surviving region. We summarize our findings in Fig. 2(d) , where we present predictions for this model based on an eventual measurement of (g − 2) µ at Fermilab.
One can consider alternatives characterized by the coupling of the muon to a fermion doublet (Case 1b in the list of Sec. 1.1) and models where the singlet and doublet fermion are both included in the theory and they can mix through the Higgs boson field vev (Case 1c). The former case does not show significant differences from Case 1a [5] , whereas in the latter the mixing term introduces an additional explicit source of chiral-symmetry violation in the (g − 2) µ loop. As |g p | 1 in Eq. (1.2), one then obtains viable parameter space for large mass values, m s , m E ∼ O(TeV), and small Yukawa couplings. For the same reason, however, Case 1c is subject to strong constraints from EWPOs, which can be used in the future to test these models.
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Models with a scalar SU(2) doublet
The parameter space is more constrained by the relic density in cases with an SU(2) scalar doublet, as shown by the cyan region in the panels of Fig. 3 . When considering the parameter space in agreement with δ (g − 2) µ , typical dark matter mass ranges from m DM ≈ 40 GeV to the Higgs-resonance, m DM ≈ m h /2. In the case with SU(2) triplet fermions (Case 3c of Sec. 1.1) the well-known presence of a doubly charged lepton in the spectrum enhances the calculation of δ (g − 2) µ , and since the Yukawa can be smaller the region with good relic density becomes confined to the Higgs resonance. In the case with SU(2) adjoint fermions (Case 3d) there is no viable parameter space where the BNL δ (g − 2) µ and Ωh 2 ≈ 0.12 can be obtained at the same time. Figure 4 shows that, in all models, most of the parameter space is almost entirely tested by LHC 2-lepton searches, except for the region of compressed spectra, where the new fermions and scalars are almost degenerate.
Conclusions
We have analyzed the impact of the (g − 2) µ measurement and the relic density of dark matter on the parameter space of simplified models of new physics invariant under SU(2)×U(1). The LHC imposes strong constraints on most models, with the exception of those featuring chiralityflip effects that can enhance the (g − 2) µ calculation. The latter models can be probed, however, by complementary means like future precision tests and direct detection of dark matter searches.
